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Air Force Flight Dynamics Laboratory (FX)
A test was conducted at Mach number 7.2 on a blunt cone featuring porous skins for mass addition to the boundary layer. Transition location was determined in relation to variations of Reynolds number, mass flow, and angle of attack. As expected, transition locations were dependent upon angle of attack for the range of angles tested (0 to 5 deg). However, only the highest mass flow rate of 0.042 lbm/sec injected through the nose 
APPARATUS
WIND TUNNEL
Tunnel F (Fig. 1) is an arc-driven wind tunnel of the hotshot type The range of Mach numbers is obtained by using various throat diameters.
Tests utilizing contoured nozzles are conducted at the 54-in.-diam test section over the Mach number range from 7 to 13. The three axisymmetric, contoured nozzles have 25-, 40-, and 48-in. exit diameters which connect to the 54-ln.-diam test station and provide a free-Jet exhaust (Fig. 2 ). Nitrogen gas is used for aerodynamic and aerothermodynamic testing; air is used for combustion testing. The test gas is confined in either a 1.0-, 2.5-, or a 4.0-cu-ft arc chamber where it is heated and compressed by an electric arc discharge. The increase in pressure results in a diaphragm rupture with the subsequent flow expansion through the nozzle. Test times are typically from 50 to 200 msec.
Shadowgraph and schlieren coverage is available at both test sections.
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This test was conducted using the 25-in. 
AEDC-TR-77-86
Although most leaks were successfully sealed, some weak jets were present on all mass flow runs. Strong jets are known to be effective in tripping laminar boundary layers. These jets were, however, relatively weak and thought to have Insignificant effects on the location of transition. 
TEST PROCEDURES
The primary test variables were angle of attack, mass flow rates, and free-stream Reynolds number. These variables are listed in Table   1 . Eleven of the 22 runs featured mass addition.
The mass flow system was automatically triggered 3 sec before the run to allow sufficient time for chamber filling. The mass flow rate remained essentially constant throughout a given run, whereas freestream conditions varied as described in Section 3. 
MODEL DATA
The uncertainty estimates for the model heat-transfer rate and pressure data are given below in terms of the absolute level measured.
The reference heat-transfer rate (q ) uncertainty is ±5 percent, and p* is ±3 percent. Therefore, the uncertainty of the nondimensional ratio q/l 0 and p/p^ by the Taylor series method of error propagation yields Model attitude in pitch, yaw, and roll is estimated to be within ±0.10 deg. The mass flow rate (m) uncertainty is ±5 percent.
RESULTS AND DISCUSSION
The timewise variation of Reynolds number during a typical Tunnel F run makes it particularly attractive for boundary-layer transition studies. Sufficient time points were provided on most runs such that turbulent, transitional, and laminar levels could be observed. Figure 6 presents data from two time points on a single run. Note that both laminar and turbulent levels are in good agreement with theory. One should also note the tendancy to "relaminarize" at s/r = 1.6. This phenomenon was observed on most runs and vas particularly strong at the s/r. n 1.6 location.
The variation of wall pressure and heat-transfer rate at the aft end of the model, with angle of attack, is shown in Fig. 7 . The pressure data vary as expected with angle of attack, and the o = 0 level is slightly above inviscid method of characteristic theory also, as expected.
These data indicate a symmetrical flow field without measurable angularity. This confirms operational measurements made before each run which indicated that the model was at the expected attitude within ±0.1 deg. Heat-transfer measurements (Fig. 7b) vary linearly with angle of attack.
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Transition is depicted at three separate model stations in Fig. 8 by 
SUMMARY OF RESULTS
Results of the test conducted on an r /r. = 0.5, 9.75-deg halfangle, r. ■ 4.4-in. sphere cone featuring porous skins are presented below. Heat-transfer-rate and pressure measurements were made at Mach number 7 with and without mass addition.
1.
Variations of Reynolds number during a run permitted obserr vation of laminar, transitional, and turbulent heat-transfer levels along the model surface.
2.
Laminar and turbulent heat-transfer levels were in good agreement with theory for the m = 0 and a = 0 condition.
3.
A unit Reynolds number of 10 million was required to produce an apparent turbulent heat-transfer level on the nose section.
4.
As expected, transition locations were dependent on angle of attack for the range of angles tested (0 to 5 deg).
5.
A mass flow rate of 0.042 lbm/sec through the forward model chamber was required to produce significant effects on the location of transition.
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